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ABSTRACT:
The gust effect factors for side walls of rigid low-, mid- and high-rise buildings are examined in this paper. Statistical
characteristics of side wall pressures, such as skewness, kurtosis, and peak factors, are examined along with parameters
related to the wind spectra and the aerodynamic admittance. The results show that low-rise buildings tend to follow a
Gaussian distribution, which allows the measured peak factors for low-rise buildings match with the model in ASCE
7. However, this does not happen for mid- and high-rise buildings due to the vortex shedding over side walls. Solari’s
model adopted in ASCE 7-16 is unable to assess the measured gust effect factor for side walls of mid- and high-rise
buildings because unsteady, highly correlated body-generated flow features like vortex shedding are not involved in
the model. Evidently, other body-generated fluctuations can be accounted for with the ASCE 7 model as long as the
area-averaged fluctuations remain approximately Gaussian.
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1. INTRODUCTION
The gust effect factor model developed by Solari (1993a, b) and adopted in ASCE 7 is for base
shear based on the Quasi-steady theory, and the body-generated turbulence, such as vortex
shedding, are not included in the gust effect factor model. This model assumes a stationary
Gaussian distribution based on the work of Davenport (1977) and adopts the aerodynamic
admittance for overall windward wall loads to account for the lack correlation of pressures over
building surfaces. Therefore, the building surfaces influenced by the flow separation or vortex
shedding, i.e., roofs, side walls and leeward walls, would not be highly accurately assessed because
it is well known that within regions of separated flow that the aerodynamic forces are non-Gaussian
(Solari 1993a, b; Ginger and Letchford, 1993; Liu et al., 2020). Wang and Kopp (2021)
systematically studied the gust effect factors for windward walls of low-rise, mid-rise and highrise buildings, and observed the horseshoe vortices make the windward wall pressures follow nonGaussian distribution for low-rise buildings, which results in the mismatch between the measured
data with Solari’s model. Liu et al. (2020) experimentally measured the wind pressures for highrise buildings with height ratio of 8.3, which is the ratio of building height to the least horizontal
dimension, and studied the gust effect factors for the area-averaged wall pressures. The mismatch
between the aerodynamic admittance of the measured data and Solari’s model is observed for side
walls and leeward walls, due to the vortex shedding over side walls, in Liu et al. (2020). However,
it is uncertain for the performance of the gust effect factor model in ASCE 7 for the low-rise and
mid-rise buildings, which deserves further studies.
The objective of this paper is to examine the gust effect factor model in ASCE 7 and investigate
the mechanisms behind the gust effect factor for side walls of low-, mid- and high-rise buildings.
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2. METHODOLOGY
2.1. Wind tunnel experiment
The two datasets used in the present study are primarily from the NIST database for low-rise
buildings (Ho et al., 2005) and a database for mid-, and high-rise buildings (Wang and Kopp,
2021b). For the NIST database, the data derived for the open terrain with roughness length of zo =
0.03m were used in the present analysis. Wang and Kopp (2021b) completed the wind tunnel
experiment for mid- and high-rise buildings for the open terrain with zo = 0.034 m in equivalent
full scale. A total of 58 buildings with roof slope less than 10o from Ho et al. (2005) and 30 building
from Wang and Kopp (2021b) were analyzed in the present study. More details can be found in
Ho et al. (2005) and Wang and Kopp (2021b).
2.2. Gust effect factor model for rigid buildings
In the present study, we consistently adopt the gust effect factor model in Wang and Kopp
(2021) for the measured data. More details can be found in Wang and Kopp (2021), which will not
be repeated herein. We just present the expressions used in this study, as follows:
𝐺=
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where, 𝑔 and 𝑔 are the peak factors of wind pressures and wind speed, respectively; 𝐼 is the
free stream turbulence intensity; and 𝑄 is the background response factor, which relates the
dynamics of wind pressures to the oncoming turbulence. Note that the peak factor, 𝑔 , for the
present measured data is taken 3.0.
For Solari’s model, which is developed from the perspective of frequency domain, it can be
expressed as,
(2)

𝐺=

where 𝑃 is a factor considering the averaging time effects by introducing a filter, and 𝑄 is
background response factor, which is similar to 𝑄 in Eq. (1). However, 𝑄 in Eq. (2) also takes
the averaging time effects into account. Note that the peak values and gust effect factors for the
measured data in the present study are derived from the instantaneous time history. Therefore, in
order to make the comparisons accurately, we will present the results using the Solari’s model both
with and without filter.
3. RESULTS
Gust effect factors obtained using Eq. (1) and Eq. (2) are presented in Figure 1. The black dot
denotes the gust effect factor model as shown in Eq. (2) with the filter function (𝜏 = 3 sec),
whereas the red dot indicates the model without filter. The red solid line with a fixed number of
0.85 is the simplification from ASCE 7-16, whereas the red dashed line with a fixed value of 0.92
(≈0.85/0.925) denotes the gust effect factor without a reduction factor of 0.925. Wang and Kopp
(2021a) discussed the aerodynamic data for side walls and roofs depend on the non-dimensional
geometric parameter H/L for low-rise buildings, where H is roof height and L is the plan dimension
parallel to wind direction. However, three parameters, H, L, and B (B is the plan dimension normal
to wind direction), are of importance for mid- and high-rise buildings. Figure 1 presents the
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measured gust effect factors along with the model (Solari 1993a, b) in ASCE 7 varied with the
non-dimensional parameter L/B. The results for other non-dimensional parameters, such as H/L
and H/B, were also calculated and analyzed, while they are not illustrated herein due to the lengthy
limitation. Overall, G for side walls is scattered around 1.2 for low-rise buildings under normal
winds and this number reduces to 1.0 under critical winds. H, together with B and L play the roles
on the distribution of gust effect factors for mid- and high-rise buildings. Figure 1 indicates that
Solari’s model cannot match well with the measured data. Eqs. (1) and (2) indicates that the peak
factor of wind loads, 𝑔 , background response factor, 𝑄, turbulence intensity, 𝐼 , and peak factor
of wind speed, 𝑔 , determine the gust effect factors of rigid buildings. As the free-stream winds
follow Gaussian distribution, indicating the peak factor of wind speed, gu, is consistent in Eqs. (1)
and (2). Therefore, the main differences between the measured data and Solari’s model are caused
by the peak factor of wind loads, 𝑔 , and the background response factor, 𝑄, which will be
discussed in great details in the full paper.
(a)

(b)

Figure 1. Gust effect factors of area-averaged side wall pressures under the winds normal to building walls: (a) gust
effect factors for all buildings; (b) gust effect factors for mid- and high-rise buildings.
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